Introduction {#S0001}
============

Sleep is an imperative physiological aspect that maintains circadian rhythm and hence a healthy life. It is a prominence of unconsciousness in which the brain is more responsive to internal than external stimuli.[@CIT0001] Sleep pattern is dictated by the body to specify the sleep and wake timings aligned by natural daylight and night cycles. A healthy sleep pattern is branded by individual satisfaction, specific sleep timing, sufficient duration, high efficiency, and continuous alertness throughout waking hours.[@CIT0002] Sleep/wakefulness rhythm in humans depends upon a balance between homeostatic sleep duration, tendency, need, and an internal circadian rhythm that altogether determine the ideal timing of a fittingly structured and restorative sleep occurrence inhibiting the various bodily functions associated with being awake.[@CIT0003],[@CIT0004] Generally, sleep patterns are classified into three categories. Monophasic sleep pattern is defined as sleeping once per day at nighttime only.[@CIT0005] Its the most common sleeping pattern and essentially adopted in the most developed societies.[@CIT0006] Biphasic sleep pattern is defined as sleeping twice per day, that comprises most commonly long sleep duration at night (6--7 hours) with a short nap during the day (≤1hour) and is the prevailing norm in Spain and many Latin American countries.[@CIT0006] The third pattern is the polyphasic sleep that consists of multiple sleep periods per day that commonly encompasses short night sleep duration of not more than 3 hours along with 2--3 short naps of 20--30 minutes throughout the day. This pattern is common in working people and students to reduce the sleep duration and to increase the working hours.[@CIT0007] It was observed that people in the Middle East may have all these kinds of sleep patterns.[@CIT0008],[@CIT0009] Nevertheless, there is no study confirming the pattern of sleep using an objective method such as actigraphy.

Quantity and quality of sleep are influenced by the invention of electric lighting, industry, and technology, in addition to social, behavioral, and environmental factors. Modern lifestyle introduced longer working hours, more shift-work, late-night socialization, and availability of technology which collectively altered natural sleep--wake cycle and led to increased sleep deprivation along with fatigue, tiredness, and excessive daytime sleepiness.[@CIT0010] Additionally, fragmented sleep my alter sleep homeostasis and impair the circadian rhythm and can cause phase shift. Afternoon napping may cause delayed nocturnal sleep onset and therefore decrease night sleep duration.[@CIT0011] This is associated with poor sleep quality and increased risk of cardio-metabolic disorders.[@CIT0012],[@CIT0013]

Arab Muslims have certain sleep patterns. They have five obligatory prayers per day and the first prayer is dawn prayer, one hour before sunrise. This can split night sleep duration into two segments.[@CIT0014],[@CIT0015] Moreover, recent changes in life-styles due to fast economic development and use of modern technology by the local population accompanied by their ritual duties have led to different sleep habits that may not be shared by other populations in different parts of the world.[@CIT0016] It necessitates staying awake late until or beyond mid-night, followed by a short awaking for dawn prayer before the sunrise.[@CIT0014] This may therefore lead to a longer afternoon siesta the following day leading to a segmented sleep pattern.[@CIT0017] The current study aimed to assess the habitual sleep patterns and quality among Omani adults that could be used to understand the sleep habits among people in this part of the world.

Methods {#S0002}
=======

Study Design and Sample {#S0002-S2001}
-----------------------

This cross-sectional study was conducted in Muscat, the capital city of Oman, from summer 2015 until summer 2017. The Muslim's holy month of Ramadan and the following month in the lunar calendar were excluded because of change in people's rituals and eating habits. The Medical Research Ethics Committee at Sultan Qaboos University approved the study design and methods with code MREC \# 1078 and this study was conducted in accordance with the Declaration of Helsinki. The target group was Omani adults, aged 18--64 years of both genders. Eight hundred questionnaires were randomly distributed by the researcher in Muscat, the largest metropolitan area in Oman; either directly or through electronic and paper announcements. Subjects were excluded if they met any of the following criteria: past/present medical history including cancer, psychiatric illness, pregnancy and breast feeding (women), mothers having children below one year, and shift workers. The participants had not traveled across the time zone for at least one month.

Questionnaires {#S0002-S2002}
--------------

Study questionnaires were self-administered questions. The participants filled out an identification form with their personal data, education level, and health status. Each volunteer signed a written informed consent form. Two previously validated Arabic questionnaires were used: Epworth Sleepiness Scale (ESS)[@CIT0018] and the Pittsburgh Sleep Quality Index (PSQI).[@CIT0019] Values of ESS score ≥10 were considered to indicate significant daytime sleepiness.[@CIT0020] Sleep quality over the past month was evaluated using the Arabic PSQI. Participants with a global score of greater than 5 were classified as poor sleepers. Those with a score of 5 or less were categorized as good sleepers.[@CIT0021] Additional questions were added to identify the sleep patterns and food habits: 1) what time do you usually sleep at night during the weekdays (Sunday to Thursday) and weekends (Friday and Saturday)? 2) Do you usually sleep after dawn prayer? And if yes, How long? 3) What time do you usually wake up in the morning during the weekdays and weekends? 4) Do you usually sleep in the afternoon? If yes, for how long? 5) Do you usually wake up during the night sleep? How many times? 6) Do you snore, gasp or have apnea during night sleep? 7) Do you feel sleepy while driving?

Based on frequency of sleep periods throughout the day, sleep patterns were classified into three categories: 1) monophasic pattern which essentially consists of sleeping once per day, 2) biphasic pattern -- sleeping twice per day, and 3) polyphasic pattern -- the practice of sleeping multiple times in a 24-hour period, usually three periods or more.[@CIT0022] Biphasic pattern was further sub-divided into bi-dawn and bi-siesta pattern.

Night and day sleep duration were categorized based on American National Sleep Foundation recommendation[@CIT0023] as follows: normal (7--9 hours), short (\< 7 hours), and long (\> 9 hours). Afternoon siesta was categorized as short ≤ 1 hour, and long \> 1 hour.[@CIT0024]

Methods of Sleep Patterns\' Measurement {#S0002-S2003}
---------------------------------------

Actigraphy watch (SOMNOWATCH TM Plus, SOMNO medics, Germany, 2014) was the actigraphy device selected for this study. The participants were requested to wear the actigraphy watch for 7 days for 24 hours a day. The participants were asked to run their daily activities as usual and avoid traveling across time zone during the period of the study. Sleep patterns on weekdays (Sunday to Thursday) and weekends (Friday and Saturday) were also analyzed. Subjects were also provided with the home sleep study (AASM level III) (Somnotouch, Somnomedics, Germany) for one night to exclude obstructive sleep apnea. Actigraphy recordings were manually scored and timing of sleep and wake up was obtained. Nocturnal sleep duration and afternoon siesta were also calculated.

Statistical Analysis {#S0002-S2004}
--------------------

### Sampling Design and Subjects {#S0002-S2004-S3001}

Simple random sampling method was used in this survey-based research. An adequate sample size of 384 subjects was estimated based on the prevalence of event of interest (50%), with a margin of error of 10% on either side of the estimate with 95% confidence intervals.[@CIT0025] Descriptive analysis for continuous variables was used to calculate mean, median, and standard deviation (SD). Prevalence and frequencies were expressed as percentages. Chi-squared tests were used for establishing the relationship between the two categorical variables, and comparison of median duration of sleep between weekdays and weekends were compared using Mann--Whitney tests. Kruskal--Wallis one-way analysis of variance was used to compare the duration of sleep between the sleep patterns. A p-value (two-tailed) of less than 0.05 was considered as statistically significant. All data were coded and analyzed with the Statistical Package for Social Sciences Software (SPSS Version 22.0, Inc., Chicago, IL, USA). Participants who fully completed the study were included in the data analysis. Non-responders or those with incomplete actigraphy data (he/she used the watch for less than one week) were excluded.

Results {#S0003}
=======

Demographic Description {#S0003-S2001}
-----------------------

Eight hundred questionnaires were distributed and four hundred and five subjects (50%) completed the study (52% male, 48% female). Two thirds of the participants had full time jobs (60.25%) and 29.88% were students, 7.41% were unemployed housewives, and 2.47% were retired. The mean age of the subjects was 32.82 years and men (35.6±10.8 years) were older than women (29.7±11.60 years). The rest of the demographic data can be found in [Table 1](#T0001){ref-type="table"}. Table 1Distribution of 405 Omani Adults According to Their Socio-Demographic CharacteristicsCharacteristicsMale (n = 212)Female (n = 193)*p-*valueNo (%)No (%)Mean age in years ± SD35.59±10.7729.66±11.60 0\<0.001Age range 18--2426(12.31)76(39.40)\<0.001 25--34102(48.12)34(17.61) 35--4436(17.03)62(32.12) 45--5437(17.40)16(8.33) 55--6411(5.23)5(2.62)Education Pre-college school38(17.92)26(13.41)0.398 University graduate162(76.43)158(81.93) Postgraduate12(5.71)9(4.70)Employment Employed178(84.00)68(35.42)\<0.001 Unemployed9(4.21)28(14.63) Student25(11.82)96(50.00)

Sleep Characteristics {#S0003-S2002}
---------------------

The study revealed that 35% of participants had biphasic-siesta sleep pattern, 28% polyphasic, 26% monophasic, and 11% biphasic-dawn. Detailed distribution of sleep patterns among age groups and genders is shown in [Figure 1](#F0001){ref-type="fig"}. Figure 1Sleep patterns among the study sample based on one week of actigraphy recording. Data shown are percentage to total for males and females separately.

The average duration of night sleep of the whole cohort was 6.92±1.33 hours with men sleeping significantly (P=0.005) shorter periods (6.72±1.28 hours) than women (7.11±1.36 hours). However, the total 24-hour day sleep duration was 7.91 ±1.46 hours and there was no significant difference between men and women (7.80±1.50, 7.98±1.47 hours respectively) (P=0.13).

There was significant variation (P=0.002) among age groups in sleep patterns, with the younger (18--34 years) population tending to have more of a biphasic siesta sleep pattern, which is the case with employed people (P=0.013). Detailed characteristics of sleep duration among all sleep patterns are described in [Tables 2](#T0002){ref-type="table"} and [3](#T0003){ref-type="table"}. Table 2Actigraphy-Based Sleep Pattern in Relation to Gender, Age, and Employment Status in Omani AdultsCharacteristicsnSleep Patterns*p*-valueMonophasic No (%)Biphasic-Siesta No (%)Biphasic-Dawn No (%)Polyphasic No (%)Gender Males21249(23.11)85(40.12)18(8.52)60(28.32)0.04 Females19356(29.01)56(29.02)28(14.53)53(27.52)Age group 18--2410224(23.53)39(38.30)5(4.94)34(33.32)0.002 25--3413643(31.62)52(38.33)18(13.20)23(16.92) 35--449829(29.63)29(29.61)15(15.33)25(25.54) 45--54535 (9.40)18(34.03)6(11.31)24(45.32) 55--64164 (25.01)3(18.72)2(12.50)7(43.81)Employment Employed24670(28.42)93(37.81)24(9.83)59(24.01)0.01 Unemployed378(21.62)5(13.53)8 (21.62)16(43.20) Student12126(21.53)43 (35.50)14(11.61)38(31.40) Table 3Mean Duration of Sleep Characteristics Between the Four Types of Sleep PatternsSleep CharacteristicsMonophasic (n=105)Biphasic-Siesta (n=141)Biphasic-Dawn (n=46)Polyphasic (n=113)*p-*valueMean ± SDMean ± SDMean ± SDMean ± SDTotal day sleep (hours)7.60 ± 1.387.96 ± 1.457.51 ± 1.428.12 ± 1.530.013Total night sleep (hours)6.87 ± 1.346.46 ± 1.496.99 ± 2.006.79 ± 1.380.056Afternoon siesta (minutes)13.74 ± 19.8261.02 ± 40.8313.04 ± 23.2068.70 ± 42.85\<0.001

Additional results not tabulated, showed that men had significantly (P=0.02) longer siesta duration compared to women (50.22±44.20, 40.31±41.40 minutes respectively). Furthermore, actigraphy recordings indicated that participants tended to sleep late at night with 80% of participants sleep around 12:00 am.

Weekdays and Weekend Sleep Pattern {#S0003-S2003}
----------------------------------

There was no significant variation in sleep patterns between weekdays and weekends (P=0.22), with biphasic-siesta still the predominant pattern (30.50%). Majority of participants practiced afternoon siesta (85%) with mean duration of 45±43 minutes with significant variation between weekdays and weekends (P=0.002). There was also significant variation between weekdays and weekends in night sleep durations (P\<0.001) and total day sleep durations (P\<0.001) [Table 4](#T0004){ref-type="table"}. Table 4Characteristics of Sleep Patterns During Weekdays and Weekends (n=405)CharacteristicsTotal Overall Median (Range)Weekdays Median (Range)Weekends Median (Range)*p-*valueCategory of sleep Night sleep duration in hours7.0(8.12)6.3(6.01)7(8.11)\<0.001 Day sleep duration in hours7.9(9.11)7.7(8.50)8.6(4.52)\<0.001 Siesta duration in minutes53(240)65(169)45(240)0.002 Dawn duration in minutes15(120)8(285)20(477)0.003Sleep patterns Monophasic n(%)78(24.32%)86(26.81%)73(22.71%)0.22 Biphasic-dawn n(%)29(9.01%)29(9.00%)36(11.22%) Biphasic-siesta n(%)116(36.12%)126(39.30%)98(30.52%) Polyphasic n(%)98(30.53%)80(24.92%)114(35.53%)

Sleep Pattern and Daytime Sleepiness {#S0003-S2004}
------------------------------------

The study sample showed mean ESS score of 8.24±3.97 with 29.10% of the sample scoring \> 10. Polyphasic sleepers had significantly more daytime sleepiness (9.47±4.26) compared to other sleep patterns (P=0.001).

Sleep Pattern and Sleep Quality {#S0003-S2005}
-------------------------------

The overall quality of sleep among participants was good with PSQI score of 5.91±3.31. Biphasic-siesta sleepers reported the worst sleep quality (6.35±3.52). However, polyphasic sleepers had the highest quality of sleep indexed by PSQI (5.55±3.01) but not significantly different from other sleep patterns (P =0.24).

Discussion {#S0004}
==========

The key findings of this cross-sectional study indicated that the vast majority of our local population has segmented sleep patterns. The biphasic-siesta sleep pattern was the prevailing pattern that accounted for more than one third of the sample followed by the polyphasic pattern. In contrast, monophasic sleepers who slept a single portion only throughout the night were the least common among the participants. Furthermore, our study indicated that younger age groups have more segmented sleep patterns, either biphasic siesta or polyphasic, that may carry a potential risk of cardiometabolic disorders which needs further prospective follow-up study.[@CIT0026]

Our study revealed high prevalence of relatively short night sleep duration (\<7 hours) across three sleep patterns (biphasic siesta, biphasic dawn, and polyphasic) in comparison to global standards of nocturnal sleep durations.[@CIT0027] However, the biphasic-dawn sleepers had almost normal nocturnal sleep duration of seven hours. Additionally, our study indicated that the vast majority of participants practiced afternoon siesta with median range of 53 minutes. Polyphasic sleepers had significantly longer afternoon siesta (\>one hour) and therefore longer total 24-hour day sleep. Furthermore, participants practiced afternoon siesta more during weekdays than weekends, and that might be attributed to short nocturnal sleep duration.

Our results indicated that sleeping less than seven hours per night are in accord with findings of other studies that have assessed nocturnal sleep duration. National Sleep Foundation recommends that adults need 7--9 hours of sleep per night, although individual differences occur.[@CIT0028] It was reported a century ago that the average adult American slept nine hours a night but since then the average has gradually declined, especially in the last four decades, to approximately 6.5 hours, as reported by epidemiological and community-based studies.[@CIT0029],[@CIT0030] Another survey showed that the odds of short night sleep duration among Americans had significantly increased during the period from 1975 to 2006, especially among full-time workers.[@CIT0031]

However, the total duration of sleep per 24 hours in our sample was similar to findings of other studies with an average of 7--8 hours. Comparing our results with other communities, a survey on 35,327 adults in ten countries showed an average duration of 7 hours and 34 minutes per 24 hours. Among which, the least was practiced by Japanese with an average of 6 hours, 53 minutes, and the most in Portuguese who slept 8 hours, 24 minutes on average.[@CIT0032]

Segmented sleep pattern among Omani population which consists mainly of short night sleep and afternoon naps could also be explained by three main factors: environmental factor, work timing, and ritual obligations. The study revealed that employed participants whom constituted around two thirds of the sample, practiced more biphasic siesta and polyphasic sleep patterns. Majority of Omani population work in the public sector and the work shifts usually start at 7:30 or 8:00 am and ends at around 2--3 pm. Therefore there is time during the day for napping after a late lunch, particularly in summer with average day temperature of 40°C.[@CIT0033]

Segmented sleep pattern, including daytime nap or siesta, is common throughout the Mediterranean and Southern Europe, Spain, Southern Italy, many Hispanic American countries, the Philippines, parts of Africa, China, and Japan.[@CIT0034]--[@CIT0036] Daytime napping is also common in other communities; for example among Brazilian Native Terena adults, 72.4% of them had regular daytime naps at least once a week, while, in Japan, only 12.0% took regular daytime naps.[@CIT0034],[@CIT0037] Unlike our study sample who had long afternoon nap duration (\> 60 min), other communities have daytime naps that last 40--60 min.[@CIT0038] However, segmented sleep pattern of short night sleep and sleep after dawn prayer before the sunrise (biphasic dawn) is probably unique to Muslim communities, including Oman.

The high prevalence of short night sleep duration among the study sample could be the leading cause for excessive daytime sleepiness with ESS score more than 10 among almost one third of the participants, but the overall sleep quality was good, as indicated by PSQI score. Furthermore, polyphasic sleepers had significantly more daytime sleepiness than other sleep patterns but they have a relatively better quality of sleep, as indicated by PSQI. Compared to other studies, it was estimated that 25% of Americans reported excessive daytime sleepiness.[@CIT0039] Likewise, a study in South Korea found that the prevalence of excessive daytime sleepiness was 12.2% and they attributed that to different factors such as habitual snoring and insufficient nocturnal sleep.[@CIT0040]

Another study by Bahammam et al found that there was no difference in sleep architecture or daytime sleepiness in the consolidated and split-sleep schedules (dawn prayer) when the total sleep duration was maintained. Therefore, segmental sleep does not cause excessive daytime sleepiness or poor sleep quality.[@CIT0014]

Conclusion {#S0005}
==========

The overall findings of the study indicated that biphasic siesta sleep is a predominant pattern among Omani adults. In addition, both polyphasic and biphasic siesta sleep patterns are associated with daytime sleepiness. There are multiple factors behind these findings which encompass work, culture, and environment. However, further investigations are required to confirm the impact of these sleep patterns on people's health.
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